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(54) Printer and method of compensating for malperforming and Inoperative Ink nozzles In a print 
head 



(57) Printer and method of compensatihg for inoper- 
ative nozzles in a print he^. The |>rtnter (10) conrprises 
a print heaJ (4X|) (50) formed 

in the print hej^td- W^^^ of tha nozzles may bei 

inoperative and at least is 
operative. A detection system (32i5) is coupled to the 
nozzles for detecting the inpF^rative n^^ A computer 
(90) is connected fo the detection system for re-asstgrv 
ing printing function of tiie inoperative nozzle to the 
operative nozzle, so thai a suitable outixjt image is 
printed aKhough some nozzles are inoperative. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention generally relates to ink jet printer s 
apparatus and methods and more particularly relates to 
an Ink jet printer and method of compensating for malp- 
ertorming or inoperative ink nozzles in a print head, so 
that high quality images are printed although some ink 
nozzles are maiperfbrmtng or inoperative. io 
[0002] An ink jet printer produces images on a 
receiver by ejecting ink droplets onto the receiver in an 
imagewise fashton. The advantages off non-inpact, low- 
noise, low energy use. and tow cost operation in addi- 
tion to the capability of the printer to print on plain paper is 
are largely responsible for tiie wide acceptartce of ink jet 
printers in tiie marketplace. 

[0003] It is known that quality printing by an ink jet 
printer requires repeated ejection of ink droplets from 
ink nozzles In the printer's print head. Hpweyofi s^^me of ^ 
these ink nozzles may malpertorm. That is/ some ink 
nozzles may indeed ^ect ink droplets; however, tiie ink 
droplets are ejected along a trajectory deviating frorn 
the droplets' desired trajectory, tiier^ leading to arti- 
facts in the printed Image. Also, some ink nozzles nnay 25 
eject ink droplets having ink droplet volumes either less 
than or greater tiian tiie desired ink droplet volume. In 
addition, some ink nozzles may ej^ Ink droplets at an 
undesired velocity. Moreover, some ink nozzles may 
completely fail to eject any ink droplets at all. When 30 
such malperforming nozzles are present, undesirable 
lines and artifacts will appear in the printed image, 
thereby degrading image quality. Also, when nozzle fail- 
ures occur, unprinted lines will appear in the printed 
image along the directfon of print head nxyvement. 3S 
thereby greatiy degracfing image quality. 
[0004] Malperforming and inoperative nozzles may be 
caused, for example, by blockage of the ink nozzle due 
to coagulation of solid particles in the ink fluid in the 
nozzle. Malperforming and inoperative nozzles may 40 
also be due to inadvertent presence of foreign partides 
in the Ink or faulty nozzle holes in a nozzle plate 
attached to the ink nozzles. Yet another reason for 
malperforming and Inoperative nozzles may be inability 
to activate the ink droplets when required. That Is. ink 4S 
nozzles may fail to eject ink droplets as desired due to 
failures in an electric drive circuit which activates the 
nozzles in order to eject ink droplets. Moreover, ink noz- 
zle matperformance due to failures in the electric drive 
circuit may give rise to ink droplets not having either a so 
desired volume and/or a desired velocity, which in turn 
produce image artifacts. Also, such malperibrming noz- 
zles may only malperform Intermittently. That is, such 
malperforming nozzles may operate as desired for a 
time and then malperform for a time only to return to the ss 
nozzle's desired operation. Moreover, in the case of 
thermal ink jet print heads, resistive heater elements 
that are in heat transfer communication with the ink in 



the nozzles for ejecting ink droplets may become 
degraded by repeated on-off heating duty cycles. Such 
heater element degradation compromises ability of tiie 
heater elements to supply the desired amount of heat 
when activated. For example, if a degraded heater ele- 
ment supplies less that the desired anx>unt of heat to 
tiie ink, tiien an ink droplet may not be ejected from its 
associated ink nozzle. Therefore, it would be desirable 
to unclog such malperforming or Inoperative ink nozzles 
or otiienvise enable such rtiatperforming inoperative Ink 
nozzles to produce quality images. 
[00Q5] Techriiques for purging clogged in nozzles are 
known. For example, U.S: Pstem 4^48^ 
detector that detects nozzles wti 
lets. A nozzle purging operation then occurs when tiie 
clogged ink nozzles are detected. As anotiier example. 
U.S. Patent 5.455,608 discloses a sequence of nozzle 
dearing procedures of increasing intensity until the noz- 
zles no longer fail to eject Ink di^pplelk^^ S^ 
d^ng techniques are disdos^ in U 
4,165;3e3arkJU:ai=^^ 

[D006] However, the art referred to hereinabove 
appear directed to recovery procedures whence 
corhpletely foils to ^ect ah Ink droplet Th^ 
appears to ignore tiie case in whidi. although the 
pirged nozzle ^ects .. art ink droplet, the droplet none- 
theless does ript po^ess dle^^ (for 
example^ desired traj€»ctory.desiiBd 
Moreover, the art referred to hereinabove appear to 
ignore the case in which not all failed nozzles can be 
recovered to be functional merely by pertohning nozzle 
dearing operations (for epcample, wiping, purging, 
extensive firing arid tiie lijKe). For example, solid coa 
lates in the ink bioddng the ink riozzies nnay strongly 
resist removal t>y nozzle dearing operations. That is, if 
only some of the sbj jd coagulates are remdyed, then an 
ink droplet will eject; however, the ejected irik droplet 
may not have the desired ti"ajectory, desired volume^ 
and so on. Moreover, such nozzle dearing operations, 
even if successful in removing solid coagulates, cannot 
repair failed resistiye heaters or f^led electric driver dr- 
cuits. Of course, presence of such permcmentty nuUper^^ 
forming or inoperative nozzles conpromises image 
quality. 

[0007] Therefore, an object of tiie present invention is 
to provide an ink jet printer and metiiod capable of com- 
pensating for malperforming and inoperative ink nozzles 
in a print head, so that quality Images are printed 
attiiough some ink nozzles are ma^erforming or inoper- 
ative. 

SUMMARY OF THE INVENTION 

[0008] With tiie above objed in view, tfie present 
invention is defined by tiie several claims appended 
hereto. 

[0009] The printer comprises a print head and a plu- 
rality of nozzles formed in the print head. At least one of 
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the nozzles may be inoperative and at least another one 
of the nozzles is operative. A detection system is cou- 
pled to the nozzles for detecting the inoperative nozzle. 
A computer is cbnniectdd to Ihe detection system for re- 
assigning pnntihg functioi of the inoperative nozzle to 
the operative nozzle, so tiiat a suitable output image is 
printed aitiiough some nozzles are inoperative. 
[001 0] A feature of the present iiwention is the provi- 
sion of an ink jet printer cbmprisirig a prir^^ 
ing operative ihk nozzles that are capeible / df 
compensating for matperibrminiig arid inoperative ihk 
nozzles. 

[001 1] An advantage of the pr is that 

qualify images are printed although soriie of the ink noz- 
zles are malperforming or inoperative: 
[(W 2] Another advantage of the^^p^ 
that lifetinriepf 
printing cdsts are reduced. 

[0013] These and other objects^ features and advan- 
tages of tiie present invention will become apparent to 
those skilled ih thi9 ciH Upon a re^^^ fdlowihg 
detailed desa^bh yvtl^ t^ in conjunction with the 
drawings wherein therei is sli^^ described illustria- 
tive ent^odimertts Of the inviantion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] While th6 specif icatibn concludes with dainrts 
particularly pc»rrting<|ut and distinctiy claiming the siA>- 
ject matter ctf the present: inverttii^^ it i^ believed the 
invention vvill be b^<&r understood from the fdllbvylihg 
desd^ij3ti(^ whehita^ 
panyingdiiavirtrigs wherein: 

Figure 1 is a view in perspective of a printer with 
parts removed for c^u'^ty; 

Figure 2 A illustrates a fiist miask pattern produced 
by an operative nozzle of the printer during a first 
printing pass; 

Figure 2B illustrates a second mask pattern pro- 
duced by aril operative nozzle of the printer during a 
secorid printing pass;; 

Figure 3 illustrates a first algoritivn for acquiring 
nozzle p^rmance ihfomiation (that is. nozzles 
operative, malperforming or inoperative): 
Figure 4 is a plan view of the printer, with parts 
removed for clarity; 

Figure 5A illustrates a first mask pattern produced 
by an inoperative nozzle of the printer during a first 
printing pass; 

Figure 5B illustrates a second mask pattern pro- 
duced by an operative nozzle of the printer during a 
secorxj printing pass: 

Figure 5C illustrates a test image for detecting 
malperforming ink nozzles as well as fully operative 
ink nozzles; and 

Figure 6 illustrates a second algorithm providing 
image processing steps which result in compensat- 



ing for malperforming or Inoperative Ink nozzles. 
DETAILED DESCRIPTION OF THE INVENTION 

5 [001 5] The present description will be directed in par- 
ticular to elements forming part of, or cooperating more 
directly with, apparatus in accordance witii the present 
invention. It is to be understood that elements not spe- 
cifically shown or described niay take various fbrnis well 

10 known to those skilled in the art. 

[Oai 6] Therefbre^ r^erring to Figs. 1 , 2A euid 26; there 
is shown a printer/ generally referred to as 10. fbr print- 
ing an output image 20 on a receiver 30. which nrtay be 
a reflective-typiB receiver (for exahple, paper) or a 

IS transmissh/e-type receiv^^^^ example, trahsp^ 

Printer l6 {prints inriagie 20 by h^ad^, 
which is an irik jieft pfi^^^^ ink 
ejection nozzles: 5^^^^ dis^ 
closed hereinbelbw, ea<i^ nozzle 50 is assigned a 

20 unique index number 'Nj", wher^ = 0. . . M. Here, tiie 
value Wmay be equal to the total number of nozzles 
50 formed in pririt head 40. By way of example only and 
not by way of limitation, there may be 200 index num- 
bers Nf where i to 199: That is. there may k)e 200 ink 

25 nozzles 50 in print head 40. 

[001 7] Referring again to Figs. 1 . 2A and 2B, it is seen 
that printer 10 generally comprises the following compo- 
nents: (a) a rotatable platen 60 and a receiver guide 70 
for translating receiver 30 with respect to print head 40; 

30 (b) print head contrbl electronics 80 connected to print 
head 40 for cbhtrol|ihg activation of nozzles .50 in jM-iht 
fieiaid 40; (c) a coni|i|^^ 

control electronics 80 for provkiihg image data to print 
head control el^onics 80; (d) an image processor 100 

35 coupled to computer 9k) for processir^g the digital image 
data; (e) and motion control electronics 110 asisociated 
with print head 40 and platen 60 for controlling transla- 
tion of print head 40 and rotation of : platen 60. Each of 
these components in addition to other conponents 

40 defining the inveritioh are described more fully hereinr 
below. 

[0018] Still referring to Figs. 1 . 2A and 28, printer 10 
furtiier comprises a print head transport mechanism, 
generally referred to as 120. Print head transport mech- 

45 anism 120 is coupled to print head 40 for reciprocating 
print head 40 with respect to receivef 30 along a direc- 
tion illustrated by a double-headed arrow 125. In the 
preferred embodiment of the invention, print head trans- 
port mechanism 120 includes a first motor 130 engag- 

so ing a gear 140, which in turn engages a pulley-belt 
assembly 150. Pulley-belt assembly 150 moves print 
head 40 with respect to receiver 30 along a fast scan 
direction as indicated by arrow 1 25 when first motor 130 
operates. Although not shown, print head transport 

55 mechanism 120 may further include positional feed- 
back, a liner encoder, and a direct current first motor 
130. Alternatively, print head fansport mechanism 120 
may be a screw-driven arrangement having an elongate 
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lead-screw (not shown) extending parallel to platen 60 
and threadably engaging print head 40 for reciprocating 
print head 40 along a longitudinal axis of the lead-screw. 
Moreover, printer 10 also comprises a receiver transport 
mechanism, generally referred to as 1 60, for translating 5 
receiver 30 with respect to print head 40 along a direc- 
tion illustrated by an arrow 165. In the preferred embod- 
iment of the invention, receiver transport mechanism 
160 includes a second motor 170 connected to motion 
control electronics 110 and engaging a gear arrange- w 
ment 180. Second motor 170 operates pliaten 60 by 
means of gear arrangement 180, such that receiver 30 
moves in the direction of arrow 165 and slides along 
guide 70 when second motor 1 70 operates. 
[0019] Referring yetagajnto Figs. 1. 2Aand2B. adig- is 
ital image source 190 is oonnectied to computer 90 for 
supplying an input digital ihfiage (not shown) to compur 
ter 90. which input digital image cornprises a plurality of 
pixel values characterizing ihe digital image by pHxel 
color, pixel location, and so on. In this regard, digital 20 
image source 190 may be a digital camera, scahneii: or 
the like (also not shown). Altematiyely this input digitat 
image also may be created on computer 90 by n^eans of 
a suitable user internee thai ray indude i^^d^^ 
keyboard, a stylus, and/or a "mouse" (also not shown). 2s 
Computer 90 preferably includes at least one cx)mmuni- 
cation port (not shown) for transferring image files and 
other information to external devices, such as a compu- 
ter network mass storage area. A nozzle performance 
information source 200 is stored in a memory (not 30 
shown), which Is connected to poriiputer ^rfor siipply- 
ing information to computer 90 about perfbrmance of 
each nozzle 50. In this regard, the nozzle performance 
information supplied to computer 90 specifies whether 
each nozzle 50 is "malperformirtg", ''inoperative'' or 3S 
"fully operative", as described in detail hereinbelpw. 
[0020] In addition, in ink jet printing, an image rpw is 
often printed in more than one printing pass for at least 
two reasons. First, risk of ink coalescence on the |nk 
receiver is minimized because only a subset of all 40 
image pixels is printed in each printing pass. This also 
reduce probability that ink spots at adjacent pixels will 
be in lk;|uid contact. Secondly, visual artifacts caused by 
variabilities t^etween ink nozzles are reduced. Such var- 
iabilities may be due to variabilities introduced in menu- 45 
facturing tiie print head. In order to ameliorate such 
variabilities, each image row is printed by more than one 
ink nozzle in more than one printing pass. Therefore, 
variability, such as errors in ink drop placement or ink 
drop volume, t)etween ink nozzles 50 can therefore can- so 
eel each other and make image artifacts less apparent 
to the naked eye when more than one printing pass is 
made. 

[0021 ] Therefore, Rgs. 2A and 2B illustrate printing of 
a single Image row 210 in two passes when all nozzles 55 
50 are fully operative. The terminology "fully operative" 
with respect to nozzles 50 is defined herein to mean 
nozzles 50 that eject ink drops having desired charac- 



teristics, such as desired ink drop trajectory, desired ink 
drop volume, €ukI desired ink drop velocity Entry values 
of mask patterns in Image row 210 comprises a plurality 
of pixel locations 220 having pixel location index num- 
bers Pjj, where i « 0 . . . M and j ^ 1 . . . c. In this exem- 
plary embodiment of the invention. "M" is the total 
number of pixel rows that extend horizontally on 
receiver 30 and "C" is tine total number of pixel columns 
tiiat extend vertically on receiver 30. Thus, the subscript 
T for poGBA focation Pij denotes a row focation and the 
subscript T for pixel location P-^ denotes a column loca- 
tion. Therefore, location of each pixel in image 20 can 
be described by its twodimensional pixel location 
number Pg. However, it should be rioted that values of 
P^ are values for mask patterns in image rows 210 
rather than pixel values obtained from the di^^ input 
imageii as idlisc^ati jinore fii^ In order to 

determine whether a pixel is printed, the : mask pattern 
valiie andtheilfMi^^ 

logically mutti^efi^ fogicallyl^n "A^ 
operation). : 

[0022] Reforrlrigifoi^'2^^ 

ated that a peri^y ioperating printer il p im^ 

50 operative: Theprihtirig|>rc» 

transport mechanism 160 positions receiver 30 so that 

image row 210 comes into registration with nozzles Nq. 

Next, print head transport mechanism 120 translates 

print head 40 a|ong:the:1a$t scan cfirection (that i 

tion of anow 125) :to print a swath plane comprising M 

image rows. More specif icalty. image ro!^ 21 0 is printed 

using a first 

printing pass. l=or purposes of illustration, first riiask pat- 
tern 250 for nozzle 50 is illustrated as containing entry 
values of "O's" and "1 ", where tiie erttry value of "1" is 
used herein to indicate that nozzle Nq has been enabled 
to print a pixel at a predetermined pixel value at ptxel 
location Pjj arid the entry value of "0" is used herein to 
indicate tiiat nozzle Nq has fcteen disat)led to not pi^init a 
pixel location P^. 

[0023] Referring to Fig. 2B. receiver 30 is advanced by 
receiver transport mechanism 160 so tiiat image row 
210 comes into registration with nc^zle N-joo- A^ 
point, the next swath plane of image 20 is printed. More 
specifically, image row 210 Is printed using a second 
mask pattern 260. As descn'bed hereinabove, tfie val- 
ues of "OV and "IV at pixel locattons P^ in second 
mask pattern 260 represent enabling and disabling, 
respectfully, of printing at each pixel for that particular 
pass. 

[0024] Referring again to Figs. 2A and 2B, enfry val- 
ues in second mask pattern 260 are complementary to 
values in first mask pattern 250. That is. where an entry 
value of "0" appears in a column Y of first mask pattern 
250. such as at pixel location Pq.i. a complementary 
entry value of "1" appears in the same column "j" of sec- 
ond mask pattern 260. such as at pixel location P^qo, i- 
Conversely, where entry value of "1" appears in a col- 
umn "j" of first mask pattern 250, such as pixel location 
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Pq^, an entry value of "O" appears in the same column 
"J" of second mask pattern 260, such as at pixel location 

Pl00.2* 

[0025] Referring yet again to Figs. 2A and 2B, image 
row 210 is printed fc^ nozzle 50 having index number Nq 
in the first printing pass and then over-printed by nozzle 
50 having index number Nioo in the second printing 
pass. In this nrvanner, the combined effect of mask pat- 
terns 240 and 250 prpduciBd by the first and second 
printing passes, respectiyely. allows ail pixels in image 
row 210 to be printed. Thus, during tfie first printing 
pass, nozzle Nq is activated to print a prederterrrdhed 
portion of image »tw 210 usihg nri^ pattern 25^ 
ilarty, during the second printin^^^ 
activated to |bririt :t^^ reiriaiiiing: 
210 usihjg iti€»k jiattern^^^^^^ 
nozzles that print over the seu^ 
nozzles Nq and Nioo. assigned to a nozzle group. 
Another nozzle group ntay ir^ 
Yet another nozzle group nnay include nozzles Ngig and 
N199. It may be apprw 
that the present Inyier^ 
of organizingvhbizle^ricMJ^ 
on the specific printing rnode iselected afKl n^ 
ferent from the^cair^e disclosed immediiaitfeljir herein- 
^ above. Such specific printing modes may, for example, 
be nunlber of printing passes, paper transport amount 
after each jdass. aind so on. 
[0026] Referring to Figs. 1v 2A arid 2B, the ir^ 
image is trdiiits^^ ime^e isbuipe^ to 

computer 90 wherein the input digital image is proc- 
essed by image processor 100. In this regard, image 
processor 1 00 is capat)te of resizing, crojpping, tone 
scale trahsiformatioiri; color transformiatibn, and/pr half- 
torting the input di^jrtal image. Moreover 
sor 100 places the input digital irii^ 
for input to ink jet print head 40, which inttge lbrmat 
may be in the form of separate color pleuies coniprising 
the input digital image (for example, yellow, magenta, 
cyan and black color planes): or a plurality of swath 
planes that are each printed during different printing 
passes, as described hereihaibove. As described more 
fully hereinbelow. image processor 100 also inducfes a 
first algorithm 27b (see Fig. 3) that acquires hprzle per- 
formance information such as whether nozzles ^ are 
either operative malperlbrming or inopeiralive. Also as 
described more fully hereinbelow. image processor 1 00 
further includes a second algorithm 370 (see Fig. 6) for 
compensating for any inoperative nozzles 50. These 
algorithms 270 and 370 are used to acquire nozzle per- 
formance information and to compensate for presence 
of inoperative nozzles 50 by using only operative noz- 
zles 50. 

[0027] Refemng yet again to Rgs. 1 . 2A and 2B. the 
processed digital image data provided by image proces- 
sor 100 is transmitted from inrwige processor 100 to the 
prevk)usly mentioned print head control electronics 80. 
The print head control electronics 80 receives this proc- 



essed digital image data and transforms this data into 
electrical signals that selectively drive (that is, selec- 
tively activate) nozzles 50. These selectively driven noz- 
zles 50 produce output image 20 on receiver 30 by .:^ 

5 printing a plurality of image rows 210 onto receiver 30. . 
In addition, motion control electronics 110 controls first 
motor 130, so that print head 40 is controllaWy trans- 
lated with respect to receiver 30 in order to print each 
image row 210 in first mask pattern 250. In addition. 

10 after each swatii plana is printed, motion control elec- 
tronics 110 controls seosrdm^ 170, such that platen 
60 rotateis to advahoe lieciBiver 30 in a directkyi illus- 
trated by arrow 165. R^iceiver 30 is advanced in this 
manner in order to prepare the ink nozzles in the same 

IS riozzlie group for priri^ 

260 oh irr^e rdfw 2*10 may be appred- 

iated frpnri the d^iscrj^^^ hereinabove that a single 
nris^ j^ be comr 

pletely printed in 3^^^ 4, 6 or arfy number of such printing 

20 passiBss^ if desired- ^ 

[0028] The descriptibn hereinabove was directed to 
the nominal casie where all nozzles 50 are operative 
and no iiozsdeis 50 malperforming or inoperative. 
However, some of these nozzles 50 in tact may be malp- 

2S eiiormlng or inoperative. It is desirable to detect and 
compensate for malperforming or inoperative nozzles- 
50 by activialing fully operative nozzles 50, so as to pro-^ 
vide high quality output image 20. 
[0029] R^erririg to Rgs. 1, 2A 2B and 3, first algo- 

30 rithm 270 tor provklih^^^ h^ information 
biegins wWi deteqtiil^^ 
3l6;:i6(:ffl^ 

are detected in a rhahher disclosed presently. Meet. • 
nozzles 50 are organized into nozzle groups, as at step 

35 320, and as describied hereiiniatx>v Some of the index 
nunribers Ni are associated with malperforming and 
Inoperative iiozzles 50, while other ones of the index 
numbers Nj are; assQdatekJ with fully operative nozzles 
50. in step 347. these nozzle index numbers Nj repre- 

4c senting either malperforming. inoperative or operatiyie 
nozzles 50 are stored as nozzle performance informa- 
tion in nozzle pertorhiahce information source 200. This 
riozzle performance information is then transmitted from 
performance ihforrhation source 200 to computer 90 

45 where it is processed for use by image processor 100. It 
nf«y be appredated that nozzle pe^ iriforma- 
tion source 200 may be stored in an electronic memory 
connected to computer 90 for storing nozzle indices N,. 
[0030] As best seen in Figs. 3 and 4, any inoperative 

50 nozzles 50 are detected by an optical detection systiem, 
generally referred to as 325, comprising a light source 
330 laterally disposed to one side of print head 40 and 
a tight sensor 340 laterallydisposed to an opposite side 
of print head 40. Ught sensor 340 is coupled to nozzle 

55 performance information source 200 for transmitting an 
electrical signal to nozzle performance information 
source 200. as described in more detail presently Ught 
source 330. which may be a laser light source, is colin- 
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early aligned with light sensor 340 and emits a light 
beam along a light beam path 342 passing adjacent to 
nozzles 50. Of course, light sensor 340. which me/ be a 
photodiode. receives Hght emitted by light source 330. 
Thus, in order to detect operative nozzles 50, motion 5 
control electronics 110 translates print head 40 to a 
position between light source 330 and light sensor 340, 
so that when an ink droplet 290 Is ^ected from opera- 
tive nozzle 50. the light beam is inten-upted. When the 
light beam Is interrupted in this manner, an ^ectrical 10 
signal produced by light sensor 340 causes this nozzle 
50 to be recorded in nozzle performafK» infbrrnatlon 
source 200 as an operative nozzle 50. (>i the 
hand, if ink droplet 290 fate to eject from nozzle 50 
when nozzle 50 is activated, then the light tseam is unin- 75 
terrupted and no electrical signal is produced by light 
sensor 340. In this latter case, npzzle 50^^^ 
nozzle perfcffmanceihfiDrni|M 
erative nozzle 50. Using thi^ irifbrrnatto^ 
250 and 260 9re applied to nozzle groups having all 20 
operative nozzles. Mask patienis 345 arid^^^^^^ 
sequently applied to; nozzle groi4>s that Indiide 
ative nozzles. 

[0031 1 However, some nozzles 50 may be lihaiper- 
forming in the sense that ink droplets 290 are ^e|<1ed ?5 
but not as intended. Such nozzles are not completely 
"inoperative" and not "fully ope^ative^ Fbr ^arhple. 
some ink nozzles 50 may Indeed eject Ink droplets 290; 
however, the ink droplets 290 are ejected along a trajec- 
tory deviating from the droplets' desired trajectpry; that 30 
is, the trajectorY nprinal to a nozzle plate (^ sl^^ 
belonging to pririthifead 40. Other ink nozzles n^ 
ink droplets 290 having ink droplet volumes either less 
than or greater than the desired ink droplet volume. 
Such ink nozzle behavior may lead to artifacts appear- 35 
ing in output image 20. That is. when such malperform- 
ing nozzles 50 are present. Image artifacts, such as 
banding, will appear In the printed image, thereby 
degrading image quality As described presently, the 
invention compensates for such nialperfbrming nozzles 40 
50, as well as for completely failed nozzles, in order to 
obtain a high quality output image 20. 
[0032] Therefore, as best seen In Rg. 5G. a test image 

361 is first printed by a specific print head 40 for acquir- 
ing nozzle performance information. The purpose of 4S 
printed test Image 361 is to detect nozzles that are 
malperlbrming as well as nozzles that have cohfipletely 
failed. In this regard, printed test image 361 includes a 
plurality of ink marks, such as lines 362. with each line 

362 being printed by a different nozzle N|, where I = 0 to so 
199. For purposes of clarity, test printing results for only 

a subset of all two-hundred nozzles are shown in Rg. 
5C. That is, test printing results only for nozzles Nj, 
where i = 0 to 19 are shown. 

[0033] Still referring to Rg. 5C, a desired (that is. per- ss 
fectly formed) line 363 printed by a fully operative nozzle 
N12 comprises a plurality of generally aligned ink dots 
364a of substantially equal size, each ink dot 364a 



being formed by individual ink droplet 290. However, if 
any one of nozzles 50. such as nozzle Ng, completely 
fells to eject ink droplet 290. then a space 365 is 
observed where line desired 363 should be. In addition, 
If any one of nozzles 50, such as nozzle N7, ejecfe ink 
droplet 290 along an undeslred trajectory, then a line 

366 is displaced from Its intended location in printed test 
imag^ 361. Moreover, if an^^ as 
nozzle N<|7. ejecte ^^ri insufftd^^^^ 

droplet 290. then a lighter and thinner than de^^^ line 

367 Is produced; in this <»se. ligN^^ than desired line 
367 comprises Ink dqts 364b that are smaller than Ink 
dots 364a. In addition, if any one of nozzles 50, such as 
nozzle N|9. ejects more than desired volume of ink for 
ink droplet 290. th^h a^ c^^ 

line 368 is prpdhj^ 
Ibie 375 conf\p|fili^s^ iiri^ 
dots:^64c^r th0 f^Pz^^ 

well as rnalperforming nozzles; are stored In nozzle per- 
formance Information source 200. /[y 
[0034] Referring again to Rg. 5, any malperforming 
nozzles 50 includihg a^ a)jrnpiete|y^^ 
can be detected vl$^ 

oper?rt(Bd appara^ With regard to vfeiial 

detection, an operator of printer 10 exarnines nozzles 
50 and determines the malperfbrrning nozzles including 
the completely failed rwzzlesi. Next, the pperatbr nozzle 
index numbers Nj corresponding to those ncazles i^^ 
ing ink droplets 290 in an undesirable manner as well as 
those nozzles that completely fail to eject: ink droplets. 
Theogiar?^ 

90, which stores: th^ nozzle perferfii^ 

infbrmatipn source 200, On the other hand, with regard 
to detection by mearis of automatically pperate^^^ 
ratus. printed test image 361 is irnaged by an image 
sensor (not shown), preferably Integrally connected to 
printer 10. Theiiriage is then aiialyzed^b^^ 
a plurality of image (xittem recognitioii prograns well 
known in the art. to detect malperlbmiing nozzles 
including completely failed nozzles. This information is 
then stored In nozzle performance information: source 
200. 

[0035] Referring to Rgs. 4 and 6. It may be appreci- 
ated from the discussion hereinabove that previously 
mentioned light source 330 and light sensor 340 are 
used to detect oonpfetely failed nozzle 50. Alsa it 
be appreciated from the disct^on hereinabdve that 
test image 361 is also used to detect a completely failed 
nozzle 50. as well as detecting other malperforming 
nozzles 50. Therefore, if It Is desired merely to detect 
completely failed nozzles 50. light source 330 and light 
sensor 340 may be used. Alternatively, test image 362 
may be used to detect completely failed nozzles. An 
advantage of using light source ^0 and tight sensor 
340 to detect a completely failed nozzle 50 is that test 
image 362 need not be printed. This results in a con- 
comitant time savings because time spent printing and 
analyzing test image 362 is avoided. 
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[0036] Rgs. 5A and 5B provide an exemplary illustra- 
tion of how such imalperfbrnrurig arid inoperative nozzles 
50 are compensated for by operative nbzzjes 50. Iri the 
exanple describ(kl presemiy, noz^ No Is assumed to 
be an inoperative (that is, Med) nozzle, this nozzle Nq 
will define a third mask pattern 345 in the first printing 
pass. In this regard, third mask pattei'n 345 defined by 
nozzle No is illustfiated as containing entry values of all 
m" (that Is, nozzle No inoperative}. Oh the other hand, 
nozzle Nioo is assumed to be an operatiye nozzle. This 
nozzle Nioo defines a fourth mask pattern 348 in the 
second printing pass. In this regard, fourth mask pattern 
348 defined by nozzle N^oq illustrated as containing 
entry values of all "i V (that is. nozzle Nioo operative). 
Thus, it nrWiy be unclers^^ a|3jpearin^ 
in fourth mask pcrtiOT 3^ 

values appearing in third mask pattern 345. Tha| is, 
where entry value of appears in column "j" for third 
mask pattern 345, a complementary entry value of "1" 
appears in the sarne colunrin Y for fburth mask pattern 
348/ ■ 

[003^ Refenihg again to Figs. 5A arid 5B, and as 
desaibed heretriabcn^. third rinask pattern 34i5 is illus- 
trated as cont^hing entry values of all "O's" (that is, noz- 
zle No inoperative) and fourth mask pattern 346 is 
^ illustrated as containing entry values of all "I 's" (that Is. 
nozzle N|Qo pp<B(rative). It may be appreciated from the 
description hereinab^ that wh^ ttie er#y y^^^ 
third iTiiBkiMt^ 
nozzle SOitheihh^^ 

will be printed in the first printing pass regardless of the 
image value at ttiose pixel locations. Similarly, it may be 
further gqipredated from ttie description hereinabove, 
that if the eintry values in fourth mask pattern 348 are "1 " 
for a specific operative rfozzle 50. then pixel locations 
P^oo J will l3e prirttedin the second printing 
ent with the image values for ttiOSe pixel locations. In 
this manner, all pixels for image row 210 are printed 
even though some nozzles 50 are inoperative. Also, the 
confoined effect of fourth mask pattern 348 whenover- 
laid orto third mask patterii 345. after completion of ttie 
first printing pass and second printing pass, allows all 
pixels in Image fow 210 to t>e printed using opeirative 
nozzles 50 in place of inbperiative nozzles 50: 
[0038] Referring to Figs. 3, 5A and 5B, if nozzle Nq is 
detected as inoperative in the manner disclosed hierein- 
alxjve, then third mask pattern 345 for nozzle N© is 
stored In nozzle information source 200. as at step 347 
of the previously mentioned first algorithm 270. Next, 
the inoperative nozzle 50 having index number Nq is 
disabled, as at step 350 of first algorithm 270. This dis- 
abled nozzle 50 having index number Nq is illustrated In 
Fig. 5A. wherein each entry value for each pixel location 
is "0". These entry values of "0" indicate that no pixels In 
irrage row 210 are printed in the first printing pass. Put 
another way, the printing function of disabled nozzle 50 
having index number No (that is, disabled nozzle 50 
having entry values of "0") are reassigned, as at step 



360 of first algorithm 270, to operative nozzle 50 having 
index number N^qo (tiiat is. enabled nozzle 50 having 
entry values Cff "ir). That is, printing function of disabled 
nozzle No is reassigned to operative nozzle Nioo- Thus, 
5 entry values in image row 21 0 havea value of "1 " during 
tfie second printing pass, so that all unprinted pixels 
associated with inoperative nozzle Nq In tiie first printing 
pass are printed by operative nozzle Nioo second 
printing pass. 

10 [0039] Turning now to Rg. 6, there is shown a second 
algorithm, generally refen^ed to as 370. Secorxi algo- 
rithm 370 illustrates imaging processing steps per- 
formed by image processor 100. In this regard, at step 
380 the input image is operated i4X)n in order to resize, 

75 crop, tone scale, halftone^ ti-ansforrti color, and separate 
image row planes for each printing pass and each oofor. 
tt rriay be appredated that irnage processor 100 may 
perfornf) other dl^ired image preprocessing operations, 
as needed: As itiustrated ait step 390. a swath plane 

20 indudihg a: prfursdity df lmage rov^,210. is extracted; that 
is. all pixel values of the swath plane are read by image 
processor 100. Next, an image column is extracted from 
the swath plane, as at step 400. An image pixel is then 
extracted from tfie image column (where j » 1 . . . C), 

25 as at step 410. In additibn. step 420 determines 
whetiier nozzle 50 falls into a nozzle group containing, 
inoperative nozzles. If all nozzles in a nozzle group are- 
operative, nominal (tiiat is. regular) mask patterns are 
applied as shown in Rgs. 2A and 2B and at step 430, 

30 On tile other hand, if nozzles 50 include inoperative 
nozzles, new mask patterns 345 and 348 are applied, 
as at step 440; At this point, steps 390 through 410 are 
repeated for all pixels P}j in steps 450 ttirough 470. It 
should be ot>served that first algorithm 270 and second 

35 algoritiim 370 preferably reside in computer 90 in 
machine language. 

[Q040] It Is appreciated from tiie description herein- 
above that an advantage of tiie present invention is tfiat 
high quality images are printed although some ink noz- 
40 zles are malperforming or inoperative. This is so 
because pixels that would ottienwise be printed by inop- 
erative ink nozzles 50 in afirst printing pass are instead 
printed k)y operative ink nozzles 50 in a second printing 
pass. 

45 [0041 ] Anottier advantage of the present invention is 
tiiat printing costs are reduced. This is so because pur- 
chase of a new print head merely to replace malper- 
forming and inoperative nozzles is virtually avoided. 
[0042] While the invention has been described witii 

so particular reference to its prefen^ed embodiments, it will 
be understood by those skilled in the art that various 
changes may be made and equivalents may be substi- 
tuted for elements of ttie prefered embodiments without 
departing from the invention. For example, printer 10 

55 may include a nozzle purging apparatus in communica- 
tion with each nozzle 50. Such nozzle purging may be 
performed by an ink pump and a vacuum suction 
device. Thus, any malperforming or inoperative nozzles 



13 



EP0974467A1 



14 



may be purged before using the invention to compen- 
sate for the inoperative nozzles. This technique has the 
advantage of restoring function of malperforming and 
inoperative nozzles, if possible, so that a minimum 
number of malperforming and inoperative nozzles need 5 
be compensated for by operative nozzles. In this man- 
ner, printing speed is not significantiy reduced. None- 
theless, some of these malperforming and inoperative 
nozzles nonetheless may resist purging operations. 
According to this technique, compensating for such perr ^0 
manently malperforming and inoperative nozzles by 
using operative nozzles would only occur after any 
unsuccessful purging operations. 
[0043] As is evident frorh ttie foregoing desaiption, 
certain other aspects df tiie inveritipn are not limited to rs 
the particular details of the exairjpti^ illiistFated. and it is 
therefore contemplated mat other modifications and 
applications will occur to those sId lied in tiie art It is 
accordingly imended tiiat tiie claims shall coyer all such 
modifications and applications as dpnot depart from:^ >o 
true spirit and scope of the inveri^^ 
[0044] Therefore, wtial Is iwowdki is an Ink^^^^^ 
and method of compensating for maiperformir^ and 
inoperative ink nozzles in ai print head, so tiiat high qual- 
ity images are printed altiiough some ink nozzles are ss 
malperforming or inoperative. 

Claims 

1. An Ink Jet printer, comprising. 36 

(a) a plurality of drop-emitter nozzles (50) 
arranged such tiiat a first nozzle is adapted to 
print along a first path substantially the same 

as a second path pre^ously printed by a sec- 3S 
ond nozzle; and 

(b) a control (90) adapted to enabrie said first 
nozzle during a portion of the first path aiid to 
enable said second nozzle during a comple- 
mentary portion of the first path, such that said 40 
first or said second nozzle is enak)led during 
the entirety of the first path, said control being 
effective to disable said first or said second 
nozzle during the entirety of the first path and 

to enable saki first nozzle or said second noz- as 
zle during the entirety of the second path. 

2. The printer of claim 1, further comprising a nozzle 
transport mechanism (120) connected to said noz- 
zles for translating said nozzles in a first direction so 
with respect to the receiver, so tiiat said nozzles 
print on a receiver (30) in tfie first direction. 

3. The printer of claim 32 furtiier comprising a receiver 
transport mechanism (160) engaging said receiver ss 
for transporting said receiver In a second direction 
with respect to said nozzles, so that said nozzles 
print on the receiver in the second direction orthog- 



onal to the first direction. 

4. The printer of claim 1 , wherein said control is capa- 
ble of electrically driving sakl nozzles to eject ink 
droplets therefrom. 

5. A print head, comprising: 

(a) a plurality of nozzles, at least one of said 
nozzles being inoperative and at least another 
one of said nozzles being operative; and 

(b) a computer (90) connected to said nozzles 
for re-assignihg priritirig functi^ off said inoper- 
ative nozzleto said €|)erative noiola 

6. The print head oif daim 5, further comprising a 
detection; ^e»n (32^^^ 

detedihg 8^id inpperatis^^n^ 

7. The print head of daim 6. wh|rein sakf detection 
systiera is an distich 

8. A metiiod of a^emblirig a printer. Gompi^ 
steps of: 

(a) providing a plurality of drop-emitter nozzles 
ranged such tiiat a first nozzle is adapted to 
print along ia fir^ psrth substantially tiie s^^ 
as a second path previously printed by a sec- 
ond nozzle;:;arid:. 

(b) providing a control adapted to enable said 
first nozzle during a portion of tiie first path and 
to eriablie said s 

mentary portion of tiie first patii, such tiiat said 
first or said: $etcon^ 

ttie ^^:i:^; the patii. said control bdrig ; 
effective to: dii^ pr said se<» 

nozzle duririg the ertirety 
to enable said first nozzle or said secfpnd noz^ 
zle during the entirety of tiie second path. 

9. The method of cIcjiim Qv further 

of connecting a nozzle trarisport mectoni^: to ihe 
nozzles for translating the nozzles in a first direction 
witti respect to tiie receiver, so tiiat the nozzles print 
on the receiver in ttie first direction. 

1 0. The method of claim 9, further comprising ttie step 
of engaging a receiver transport mechanism witii 
the receiver for transporting the receiver in a sec- 
ond direction ortiiogdnal with respect to ttie print 
head, so that the nozzles print on the receiver in the 
second directfon orthogonal to tiie first direction. 

1 1 . The method of daim 8, wherein the step of connect- 
ing a control comprises tfie step of connecting a 
control capat)le of electrically driving the nozzles to 
^ect ink droplets therefrom. 



8 



15 



EP 0 974 467 A1 



12. A method of assembling a print head, comprising 
tlie steps of: 

(a) prov^ldtng a plurality of drop-emitter nozzles 
arranged such that a first nozzle is adapted to s 
print along a first path substantially ihe sarne 
as a second path pre^usly print^ by a siac- 
ond nozzle; ^nd 

(b) prd>ndih0: a contrd adapted tb^^^ 

first nozzle during a portion of ^e first pafti and io 
to enabliB said second nozzle during a complex 
mentary portiiph of the first path, siidi that said 
first or said second nb^le is eriabled during 
the entirety of the first path, said corttrd being 
effective to disable f h'sI or said sedond is 
nozzle diirihg the entirety of the fa^ jsath to 
enable said first nozzle or said second n(»zle 
during the entirety of the second path. 

1 3. A method of assembling a print head for printing an 20 
image on a receiver, comprisiiiig the stieps of : 

(a) coupling an optical detection system to a 
plurality of nozzles for optically detecting inop- 
erative nozzles^ a proportion of the nozzles 2s 
being inoperative and a reniainirig prppbrton of 
the nozzles being operative; and 

(b) connecting a cohputer to the qptical detec- 
tion sy^^nrt loir reas^ 

inispe^atii^ the opeiati\^ ho^ so 30 

that the operative nozzles confpehsate fbr the 
inoperative nozzles in order that frie image is 
printed on the receiver by the operative noz- 
zles. 



9 



EP 0 974 467 A1 




(50 140 



80' 



PRINT HEAD 

CONTROL 
ELECTRONICS 



JO- 



NOZZLE 
PERFORMANCE 
INFORMATION 
SOURCE 



11 



MOTION 
CONTROL 
ELECTRONICS 



IMAGE PROCESSOR 



COMPUTER 



too 

90 



DIGITAL IMAGE 
SOURCE 



•190 



FIG. 1 



10 



EP 0 974 467 A1 



30 
10 



i 









-o 


loll olrloli oh 0 If 


• 




Ni99 








- ■■■40. - ■ 



210 



— 30 



FIG. 2A 




210 



— 30 



FIG. 2B 



11 



EP0974 467A1 





DETECT FAILED 
NOZZLES 


— 310 










SORT NOZZLES ACCORDING 
TO NOZZLE GROUPS 






STORE NOZZLE GROUPS 






DISABLE FAILED 1 
AND OTHER NOZZLES | 






REASSIGN PIXELS TO 1 
FUNCTIONAL NOZZLES | 



-347 



1- 



FIG. 3 



12 



EP 0 974 467 A1 




NOZZLE PERFORMANCE 
INFORMATION SOURCE 



FIG. 4 



13 



EP 0 974 467 A1 




210 



^30 



FIG. 5A 




210 



•30 



FIG. 5B 



14 



EP 0974 467 A1 



J61 



365 



0 M 



366 



'8 



363 



/62 367 




/ 17 \ 



19 





j54o 




J54/> 




HG.5C 



15 



EPb974467A1 



370 




60 



PRE-PROCESS IMAGE 1^ 

- T— T 

p--390 



EXTRACT NEXT 
SWATH PLANE 



1 



EXTRACT NEXT 
IMAGE COLUMN 



EXTRACT NEXT 
IMA<?E PIXEL 



J^-400 



-410 



NOZZLE INDEX FALLS 
INTO RECORDED NOZZLE 
GROUPS? 



^20 



ASSIGN NEW 
MASK PATTERN 



— 440 



USE REGULAR 
MASK PATTERN '""^30 



FIG. 6 




16 



EP0974 467A1 




Europetti Pattint 
Office 



EUROPEAN SEARCH REPORT 



Appllcailon Number 

EP 99 20 2242 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of iJOcumam with indicaHon, where approprtate. 

.. ; of.:relevant':pa^6aged:: ...... 


Relevant 
to Claim 


CLASSIFICATION OF THE 
APPUCATION <lntCl.7) 


X. ■:■ 
Y 


EP 0 783 973 A (CWON KK) 

16 July 1997 {1997HJ7-16) 

* page 6, line 5 - page 10, line 55; 

figures S-7 ♦ 


5.6 
7,13 


B41J2/165 


P.X 


WO 99 08875 A (ENCAD INC) 

25 February 1999 (1999-02-25) 

* abstract * 


1-4,8-12 




P,X 


WO 98 40222 A (RASTER GRAPHICS INC) 
17 September 1998 (1998-09-17) 
* page 3, line 20 - page 25, line 14; 
figure lA * 


1-4,8-12 




P.X 


EP 0 863 004 A (HEWLETT PACKARD C0> 
9 September 1998 (1998-09-09) 
♦ the whoTe document * 






Y 


US 5 124 720 A (SCHANTZ CHRISTOPHER A) 
23 June 1992 (1992-06-23) 

* column 3, line 45 - column 4, line 48; 

.figures-.:*- 

EP 0 646 460 A (CANON KK) 
5 April 1995 (1995-04-05) 

* page 16, line 1 - page 17, line 30; 
figure 1 * 


1-4,8-12 




A 


5.12.13 


TECHNICAL fnEU>S 
SEARCHED (tnt.Ci;7) 


Y 


1-4,8-12 


B41J 


Y 


EP 0 744 295 A t CANON KK) 

27 November 1996 tl996--l 1-27) 

♦ column 7, lllrSfe 14 - column 19* line 4S; 

fl guri^s 2 , 3 ,11 * 


7. 


13 




A 


EP 0 665 114 A (TEKTRONIX INC) 
2 August 1995 (l9d5-08--62) 
♦page 5, line IS - page 7, line 44; 
figures 8,9 * 


1,8.12 






The present search repi^ has 


t>eeh drawn up for ail claims 








Plac* Of sMich 

THE HAGUE 


Oa«* otooRipiatan of ttw waieh 

22 November 1999 


De Groot, R 



CATEGORY OF CCTED DOCUMENTS 

X : piaftloularly r*lovant tf Ukon fiorm 

Y : paftioularty rotovant V combbiad ««h anotlMr 

doeunwhl of t»w Bam« catogoqf 
A : toclmologlcal tmckground 
O : non-written dbdoeura 
P : Iniwnwdivt* doeumoni 



T : theoiy or prtnc^to und«rtylng ttw Invention 
E : oartier patent documertt. butpiMlahed on, or 

after the fiUng<Me 
D : documert dted In the apptlcaaon 
L : document cited for other reasons 

i : iTMKrt>er of trw eame patent fajir^, oorreaponding 



17 



P 974 467 



™f as© 18 of 20 



EP 0 974 467 A1 




European Patent 
Offioe 



EUROPEAN SEARCH REPOBi 



Application Number 

EP 99 20 2242 



PQCUMEriTS CONSIDERED TO BE RELEVANT^ 



Category 



CteftMiCtf dpciii!^ where appropriate 



EP 0 517 521 A (GANON KK) 
9 December 1992 (1992-12-09 ) 

* page 9v line It Itfte 54; figures 
1,2,13 » 

US 5 ^7 730 A (I^RZ RDBERT S) 
24 Dec^ber 1996 (1996-12--24) 

* column 3, line 47 column 5, line 25; 
figure: 5 * 



The present search report has been drawn up for all dalms 



Placaef aaatch 

THE HAGUE 



Oatootoonpteten Of AMich 

22; November 1999 



Reiewant 
tociateti 



1-13 



CLASSIFICATION OF THE 
A^UCATION (Iht^i^ 



CATEGORY OF CITED OOCUMEMTS 

X : partlcuiarty ralavant IT takan alone 

Y : partlcUaily ralavant V combined vMth another 

document of the aame calegofy 
A : technologlcat tiackground 
O : noo-wrttten dbdoaire 
P : Intermediate document 



TECHPACAL FIELDS 
SEARCHED <)n1.Cl.7} 



De Groot, R 



T : theory or pftnc^ie undarVind the tnvantton 
E : earlier patent document, but puMehad oh. or 

aner the filing date 
O : document cited tn the application 
L : documant cited for other raaaoria 



a : member of the aame patent lamKy, corraeponding 



CP 

m 

S3 
I 



03 

I— 

m 



o 
o 

t3 



18 



EP 0 974 467 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. Ef 99 20 2242 



Trts annex lists the patent family members relating to the patent documents cited in the above^entoned European 8ev<^ fepcrt 

The members are as contained in ihe European Patent Office EDPfile on 

The European Patent Office is in fK> way liabie lOr these parbcutar8=which;aie.nierefy. gh/en ior. t^^^ information. 

22-11-1999 



. : Patent <locumertt 




Pubfication 




Patent (ainily 


Putiiicatlon . 


cited in search report 




date 




memtierts} 


■■ datB" ■ 


EP 0783973 


A....... 


16-07-1997 


JP 


9174824 A 


08-07-1997 


WO 9908875 A 25-02- W99 AU 8765098 A 08-03-1999 


WO 9840222 




17-G9-ii9&8 






E? 0863004 


A 


09-tP9^1?98 


JP 


10258520 A 


zyrU^— iWo 


US 5124720 


A 


23^06-^W92 


lb' 
Or 


42£0//x A. 


l/-\JO l^^Z 


Ef 0646460 


A 


05-04?-:1995 


ID 










ID 

Or 




.1;5— Ufc— 




.-A' 


27-^1 1996 : 


ID 

JP 


. ^ooUyypJ ;:A^^ 


cO— !■ 1 ^ 1 yyo 












iO-U»— IW/ 


EP Q6«5ii4 


;A. 


02^08^1955 


■ US 


.5025389 A 
7251513 A 


ri o i 1 -rift c =■ ■ 
Up— .IV^iyxb. . : : 


EP 0517521 


-.Ar 


09-12-1992 




■ '-^Msw^A'- 


09-11-1993 










2(NI9#999 
llr-12-1992 








JP 
JP 


4358859 A 








2899134 B 


02-06-1999 








JP 


4361047 A 


14^12^1992 








JP 


2899135 B : 


02-06-1999 








JP 


4361049 A 


14-12-1992 








JP 


2899136 8 


02-66-rl999 








JP 


4361050 A 


14^12^1992 ^ 








JP 


4361051 A 


14^2^-1992 








JP 


2919640 B : 


12-07-1999 








JP 


4361053 A 
28716*1 B 


14-12-1992 








JP 


31-03-1999 








JP 


4364654 A 


14-12-1992 








JP 


2919641 B 


12-07-1999 








JP 


4361055 A 


14-12-1992 








JP 


2885963 B 


26-04-1999 








JP 


4361056 A 


14-12-1992 








AT 


178839 T 


15-04-1999 








DE 


69228896 D 


20-05-1999 








DE 


69228896 T 


16-09-1999 








EP 


0517519 A 


09-12-1992 








ES 


2131521 T 


01-08-1999 








AU 


690964 B 


07-05-1998 








AU 


1797695 A 


06-07-1995 








AU 


657328 B 


09-03-1995 


! 






AU 


1804892 A 


17-12-1992 



% For more details about this annex : see OfTclal Journal of the European Patent Office. No. 1 2/82 



19 



EP0974467A1 



ANNEX to THE EUROPEAN SEAftGH REPORT 

ON ElU=K>PEAN^i^^ EP 99 20 2242 



This annex f ists the patent family members relating to the patent documents cited in the at>ove-merttloned European search reoort 
The membeis are as cooilained In the European Patent Office EDP^fi^ 

The European Patent Office is In noway Gable for these particulars which are merely given for the purpose of information, 

22T-11-1999 



Patent document 
cited In search report 



Publication 



EP 0517521 



US 5587730 



24-12-1996 



Patent tamlly 
meniMr(s) : 



Pubneatkm 
date 



CA 
US 
US 
US 
AT 
0€ 
D£ 
EP 
ES 
US 
JP 



2070355 
5844582 
5777640 
5430469 
157047 
69221672 
69221672 
0517520 
2104833 
5650803 
5155037 



06- 12- 
01-12- 

07- 07- 
04-07- 

15- 09- 
25-09- 
18-12- 
0^-12- 

16- 10- 
22-07- 
22-06- 



1992 
•1998 
1998 
1995 
1997 
1997 
1997 
1992 
1997 
1997 
1993 



NONE 



1 

i 

§ For more details about this annex rsee Official Journal of the European Patent Office, No. 12/B2 



20 



